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LUMINESCENCE SPECTRA OF Z I N C  OXIDE 

F. I. Vergunas and F. F. Gavrilov 

A study w a s  made of t h e  luminescence spectra of z inc  
oxide which f i r s t  had been subjected t o  thermal processing 
a t  d i f f e r e n t  temperatures. 

- /224* 

In t roduct ion  

On t h e  b a s i s  of p a r a l l e l i s m  [l] i n  the change of t h e  va lues  of dark con- 
d u c t i v i t y  and t h e  i n t e n s i t y  of photoluminescence, e s t ab l i shed  f o r  z inc  oxide, 
t h e  conclusion w a s  drawn t h a t  t h e  same centers  -- excess t o  t h e  s to i ch iomet r i c  
composition of z inc  atoms -- are respons ib le  f o r  t he  luminescence and dark con- 
d u c t i v i t y  of ZnO. The hypothesis of t he  d r i f t  of e l e c t r o n s  from t h e  l o c a l  lev- 
e ls  of z i n c  atoms t o  t h e  zone of conductivity,  causing the  temperature extinc- 
t i o n  of luminescence, l ed  [2]  t o  a dependence between t h e  relative i n t e n s i t y  I 
of luminescence and temperature T i n  the  following form: 

where U is  t h e  d i s t ance  from t h e  l e v e l s  of t h e  zinc atoms t o  t h e  zone of con- 
d u c t i v i t y  and C i s  a f a c t o r  dependent on t h e  e x c i t a t i o n  i n t e n s i t y .  

It has  been demonstrated [3] t h a t  t h e  temperature e x t i n c t i o n  of lumines- 
cence of ZnO, subjec ted  and not  subjected t o  special thermal processing, is 
described by formula (1) and t h e  d is tance  from t h e  z i n c  l e v e l s  t o  t h e  zone of 
conduct iv i ty ,  determined from t h e  ex t inc t ion  curve, is i n  s a t i s f a c t o r y  agree- 
ment w i t h  t h e  va lue  of t h e  a c t i v a t i o n  energy determined from the  temperature 
dependence of dark conductivity.  

Using t h e  f i r s t  method, t h e  following va lues  w e r e  obtained f o r  U: 0.36 EV 
f o r  unheated ZnO, 0.47 EV f o r  a sample  heated t o  500°C, and 0.5 EV f o r  a sample 
heated t o  600OC. The e x t i n c t i o n  of luminescence of samples heated t o  630 and 
73OoC a l s o  w a s  described by formula (11, bu t  U changed i n  a jump from t h e  V a l -  
ues 0.36 EV a t  a low temperature t o  0.6 EV a t  a high temperature f o r  t h e  f i r s t  
sample and from 0.8 t o  0.6 EV f o r  the second. 

As an explanation of t h e  l a t te r  resul t ,  i t  has been pos tu l a t ed  t h a t  t h e  
luminescence spectra of ZnO samples  f i r s t  heated t o  630 and 73OoC c o n s i s t  of 
s e v e r a l  bands whose e x t i n c t i o n  temperature i s  described by formula (1) wi th  
d i f f e r e n t  va lues  U and C. I f  t h e  r a t e  of e x t i n c t i o n  of d i f f e r e n t  bands is not  
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i d e n t i c a l ,  i n  t h e  v i s u a l  measurement of the temperature v a r i a t i o n  of lumines- 
cence w e  should ob ta in  an  e x t i n c t i o n  curve descr ibed  by formula (1) w i t h  d i f f e r -  
e n t  va lues  U a t  high and low temperatures. 
co r rec tness  of t h e  mentioned hypothesis ,  w e  s tud ied  t h e  luminescence s p e c t r a  of 
z i n c  oxide subjec ted  t o  processing a t  d i f f e r e n t  temperatures.  
presented i n  t h i s  paper. 

For t h e  purpose of checking t h e  

The r e s u l t s  are 

Experiment a1 Resul t s  I 2 2 5  - 
The luminescence s p e c t r a  corresponding t o  room temperature and a t  -180OC 

The phosphorus w a s  cooled 
were photographed on panchromatic p l a t e s  by a spectrograph wi th  a g l a s s  op t i c .  
The 365 mp mercury t r i p l e t  w a s  t h e  exc i t ing  l i g h t .  
i n  a s p e c i a l  Dewar vessel. 

The s p e c t r a l  curves of luminescence a t  room temperature and the tempera- 
t u r e  of l i q u i d  a i r  are shown i n  Figures  1 and 2.  
t r a l  composition of luminescence of ZnO, unheated and heated t o  500 and 600°, 
is  t h e  same; t h e  spectrum conta ins  only one band wi th  a maximum a t  about 480 mu. 
The hea t ing  of z inc  oxide t o  63OOC causes the appearance of a d d i t i o n a l  long- 
wave bands wi th  maxima a t  about 525 and 560 mv. Heating t o  73OoC enhances t h e i r  
b r igh tness  and causes the appearance of a f o u r t h  m a x i m u m  a t  670 mu. 

It can b e  seen t h a t  t h e  spec- 

Figure 1. 
Legend: 
t o  730OC. 

Spec t r a l  Curves of ZnO Luminescence a t  Room Temperature. 
1 = Unheated ZnO; 2 = ZnO Heated t o  630OC; 3 = ZnO Heated 

Comparison of t h e  curves i n  Figures 1 and 2 shows t h a t  wi th  hea t ing  of 
ZnO samples from - 1 8 O O C  t o  room temperature t h e  maxima of t h e  s p e c t r a l  curves 
t o  a l l  i n t e n t s  and purposes do no t  s h i f t ,  b u t  t h e  long-wave bands a t  room temp- 
e r a t u r e  become exceedingly f a i n t  i n  comparison w i t h  t h e  band a t  480 mp, t h a t  
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Figure 2. 
Legend: 1 = Unheated ZnO; 2 = ZnO Heated t o  50OoC; 3 = 
ZnO Heated t o  600°C; 4 = ZnO Heated t o  630OC; 5 = ZnO 
Heated t o  730OC. 

Spec t r a l  Curves of ZnO Luminescence a t  - 1 8 O O C .  

i s ,  t h e  long-wave p a r t  of t h e  spectrum is ext inguished more r ap id ly  during heat- 
ing than t h e  short-wave p a r t .  
co lo r  of luminescence of t h e  sample heated t o  730' from golden-yellow a t  t h e  
temperature of l i q u i d  a i r  t o  lettuce-green a t  room temperature. 
t h e  s p e c t r a l  d i s t r i b u t i o n  of luminescence of t h i s  s a m p l e ,  wi th  t h e  v i s i b i l i t y  
curve (Figure 3) taken i n t o  account,  shows t h a t  a t  a l o w  temperature t h e  560 
mu-band is b r i g h t e s t ,  bu t  a t  room temperature and above, t h e  525 mu-band is 
b r i g h t e s t .  Therefore,  v i s u a l  measurement of t h e  e x t i n c t i o n  of t h i s  sample 
should g ive  a dependence descr ibed by formula (1) wi th  a value U c h a r a c t e r i s t i c  
f o r  t h e  560 mu-band a t  a low temperature and f o r  t h e  525 mu-band a t  room temp- 
e r a t u r e  and above. 

The la t ter  circumstance expla ins  the  change of 

Conversion of 

It w a s  mentioned above t h a t  f o r  a sample heated t o  73OOC such a p i c t u r e  /226 
i n  f a c t  is  observed. 

Discussion of t h e  Resul t s  

Four bands w e r e  discovered i n  t h e  ZnO luminescence spectrum. I f  i t  is  as- 
sumed t h a t  they are emit ted as a r e s u l t  of t r a n s i t i o n  of e l ec t rons  from l o c a l  
levels of d i f f e r e n t  depth i n t o  t h e  main zone, t he  d i s t a n c e  from t h e s e  levels 
t o  t h e  zone of conduct ivi ty  can b e  computed by comparing the  absorp t ion  and 
luminescence spec t r a .  It fol lows from the measurements of the long-wave l i m i t  
of t h e  fundamental absorp t ion  band made by Gisolf  [ 4 ]  and ourse lves  [5]  t h a t  
t h e  width of t h e  ZnO forbidden band is  3.20 EV. 
t h e  energy of t h e  maximum of the luminescence bands, w e  f i n d  t h e  d i s t a n c e  from 
t h e  l o c a l  l e v e l s  t o  t h e  conduct iv i ty  zone: 0.6, 0.8, 1.0 and 1.2 EV. 

By sub t r ac t ing  from t h i s  va lue  

I n  t h e  s tudy of t h e  dark  conduct ivi ty  of ZnO subjec ted  t o  d i f f e r e n t  
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Figure 3. 
w i t h  t h e  V i s i b i l i t y  Curve Taken i n t o  Account. 

Luminescence Spectra of ZnO Heated t o  73OoC, 

temperature processings 1101 i t  a l s o  was poss ib l e  t o  d e t e c t  energy l e v e l s  of 
excess atoms of z inc,  s i t u a t e d  a t  t h e  depths: 0.4,  0.5, 0.6, 0.8, 1.0 and 1 .4  
EV . 

Measurements of t h e  temperature e x t i n c t i o n  of luminescence a l s o  are evi- 
dence of t h e  presence of l o c a l  l e v e l s  of d i f f e r e n t  depth i n  t h e  forbidden zone. 

Table 1 gives a comparison of t h e  values U obtained from t h e  tempera ture  
dependence of dark conduct iv i ty ,  from measurements of t h e  e x t i n c t i o n  of lumin- 
escence and from t h e  r a d i a t i o n  and absorption spec t r a .  

TABLE 1. 

Legend: 1 = Value U (EV), Obtained from 
Measurements; 2 = Dark Conductivity; 3 = 
Temperature Extinction of Luminescence; 
4 = from Radiation and Absorption Spec t ra .  
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The tab le ' shows t h a t  the va lues  of the a c t i v a t i o n  work U, determined f o r  
d i f f e r e n t  samples  from t h e  temperature dependence of conduct iv i ty  and lumines- 
cence, are less than t h e  corresponding values obtained from a comparison of t h e  
r a d i a t i o n  and absorp t ion  spectra. 

I f  it is assumed t h a t  each l o c a l  l e v e l  de tec ted  during measurement of t h e  
dark conduct iv i ty  should cause some luminescence band, i t  may be  expected t h a t  
t h e r e  w i l l  b e  an i n f r a r e d  band wi th  a maximum a t  about 770 mu f o r  ZnO. A 
search  now i s  being made f o r  t h i s  band. 

/227 - Conclusion 

A s tudy  of t h e  luminescence s p e c t r a  of z i n c  oxide subjec ted  t o  d i f f e r e n t  
temperature processings revealed t h a t  i n  samples f o r  which t h e  e x t i n c t i o n  of 
luminescence is described f o r  formula (1) with d i f f e r e n t  va lues  U a t  high and 
l o w  temperatures t h e  r a d i a t i o n  spectrum contains s e v e r a l  bands; i t  conta ins  one 
band i f  t h e  e x t i n c t i o n  curve corresponds t o  one va lue  U a t  high and low temper- 
a t u r e s .  

It is shown t h a t  t h e  luminescence s p e c t r a  of z i n c  oxide can b e  changed by 
hea t ing  t h e  ZnO a t  d i f f e r e n t  temperatures. This f a c t  confirms t h e  communica- 
t i o n  by Kutselnigg [7], where he states t h a t  t h e  co lo r  of luminescence of ZnO 
is dependent on t h e  method f o r  ob ta in ing  it  and on p r i o r  thermal processing. 

S i b e r i a n  Physical-Technical I n s t i t u t e  [S F T 11 Submitted June 23, 1947. 
a t  Tomsk University 
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